IN THE SPECIFICATION: 

Please REPLACE the specification originally filed with the enclosed Substitute 
Specification. 



SUBSTITUTE SPECIFICATION 

e 

TITLE OF THE INVENTION 

INDUCTIVE COMPONENT AND USE OF SAID COMPONENT 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on and hereby claims priority to PCT Application No. 
PCT/DE2003/002447 filed on July 21 , 2003 and German Application No. 1 02 32 952.4 filed on 
July 19, 2002, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to an inductive component for the formation of a magnetic circuit, 
comprising at least one wire winding and at least one core with a ferromagnetic core material, 
the core comprising a gap and at least one further gap to interrupt the magnetic circuit. In 
addition, use of the component is specified. 

[0003] An electronic ballast is used as an electronic voltage and/or current converter in the area 
of lighting technology. Electronic ballasts comprise at least one inductive component. The 
inductive component is, for example, a choke coil or a transformer. The inductive component 
has a wire winding. The wire winding comprises a plurality of windings of an electrical 
conductor to produce a magnetic flux by the current flowing in the conductor. The wire winding 
also serves for producing a voltage by changing the magnetic induction in the wire winding. To 
increase the magnetic induction and to reduce a magnetic leakage loss, the wire winding is 
usually located on a core with ferromagnetic material. The ferromagnetic core material is, for 
example, a ferrite. The core provides a magnetic circuit which is as closed as possible. 

[0004] These electronic ballasts are increasingly miniaturized. The miniaturization relates in 
particular to an inductive component of the electronic ballasts. A small overall size of an 
inductive component can be achieved with the same power throughput by a higher switching 
frequency. However, a higher switching frequency leads to an increase in the electrical losses 
and consequently to a decrease in the quality of the inductive component. The quality is a 
measure of the electrical quality of the inductive component. With increasing miniaturization of 
the inductive component, it is possible as a result of the diminishing quality for an inadmissibly 
high operating temperature to occur, in particular when the inductive component is operated 
under a high AC voltage. 
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SUMMARY OF THE INVENTION 

[0005] One possible object of the present invention is to provide an inductive component which 
has a high quality even when a high AC voltage is applied. 

[0006] This object may be achieved by an inductive component for the formation of a magnetic 
circuit, comprising at least one wire winding and at least one core with a ferromagnetic core 
material, the core comprising a gap and at least one further gap to interrupt the magnetic circuit. 
The inductive component is characterized in that the gaps each have a gap width of at least 1.0 
mm. This results in a relatively wide overall gap, which is divided between at least two gaps. In 
particular, the gap width of the gaps is respectively selected from the range from 1.2 mm to 10 
mm, inclusive. The gap width is preferably 2 mm to 10 mm. 

[0007] A gap is a desired interruption in the magnetic circuit. The gap width is in this case 
preferably approximately the same over the entire extent of the gap. The extent is, for example, 
a width, a length or a radius of the gap. To interrupt the magnetic circuit, the gap at least partly 
comprises a non-ferromagnetic material. The non-ferromagnetic material is, for example, a 
diamagnetic or paramagnetic material. The magnetic circuit is interrupted at at least two points. 
The interruption is brought about by the gaps. The gap widths have the effect that the magnetic 
circuit is interrupted over a length of at least 2 x 0.5 mm. It has surprisingly been found that, in 
spite of using an AC voltage of several hundred volts to activate the inductive component, a 
relatively high quality Q can be achieved on account of these gaps. Therefore, a smaller overall 
size of the inductive component is possible in comparison with an inductive component with 
differently configured gaps. 

[0008] In one particular configuration, the core comprises at least two parts which are arranged 
opposed to each other across the gaps and separated from each other by the gap widths. 

[0009] Preferably, at least one of the gaps is an air gap. This means that the intermediate 
space in the core defined by the gap contains air. The non-ferromagnetic material of the gap is 
air. However, a different non-ferromagnetic, gaseous material may also be arranged in the air 
gap. On the other hand, a solid or liquid non-ferromagnetic material is also conceivable. This 
material is, for example, a polymer material. For example, the use of an adhesive with which 
the parts of the core are bonded together is advantageous. The adhesive leads not only to an 
interruption in the magnetic circuit. It also leads to an integral contact between the parts of the 
core. 
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[0010] In one particular configuration, the gaps have an essentially equal gap width. For 
example, the core comprises two parts which are separated from each other by two gaps. Gaps 
of equal width have the effect that the two parts are arranged in each case at the same distance 
from each other. Essentially equal means that small deviations of up to 10% of the gap width 
are also admissible. 

[0011] In a further configuration, the wire winding comprises an inner region and an outer 
region and the gaps of the core are arranged in the inner region and/or in the outer region of the 
wire winding. For example, one gap is arranged in the inner region and two gaps are arranged 
in the outer region. The gaps in the outer region are preferably distinguished by the gap width 
being essentially equal. In this case, it is also possible for the gap in the inner region of the wire 
winding to have a much greater gap width than the two gaps in the outer region. Preferably, 
however, the gap widths of all the gaps are essentially equal. 

[0012] The core may be unsymmetrical. This means that it cannot be transformed into itself by 
applying a symmetry operation. In a further configuration, the core is essentially symmetrical. 
Essentially means here that there may be deviations with respect to an exact symmetry. In 
addition, essentially means that the symmetry concerns those elements of the core that are 
mainly responsible for the function and properties of the core. The symmetrical core is 
transformed into itself by reflection at a point (center of symmetry), at a straight line (axis of 
symmetry) or a plane (plane of symmetry). For example, the elements of symmetry are 
arranged in the interior space of the wire winding. The element of symmetry is, for example, a 
plane of symmetry which is arranged perpendicularly in relation to a winding axis of the wire 
winding. The winding axis of the wire winding is given by a direction in which the wire is wound 
up. The core comprises, for example, two parts which are respectively transformed into each 
other by the reflection at the plane of symmetry. For this purpose, the plane of symmetry 
preferably also contains the gaps and the core comprises parts that are formed mirror- 
symmetrically in relation to one another. For example, the core has an RM6 or comparable core 
shape. These core shapes are a combination of an E core shape with a cup-type core shape. 

[0013] In particular, the entire component comprising the wire winding and the core has an 
essentially symmetrical construction. This means that not only the core but also the wire 
winding are constructed in an essentially symmetrical manner. For example, the wire winding 
and the core can be transformed into themselves by a reflection at a common plane of 
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reflection. Essentially symmetrical means here that deviations from symmetry are also quite 
conceivable. These deviations relate in particular to a number or shape of the windings of the 
wire winding, a shape of the core and an arrangement of the wire winding and core in relation to 
each other. 

[0014] In particular, the core material of the core is capable of accepting high frequencies. 
Preferably, the core material is a ferrite in the form of an M33 core material with a cutoff 
frequency of approximately 10 MHz. This core material comprises manganese and zinc. 
Similarly, a K1, K6 or K12 core material is conceivable. These core materials comprise nickel 
and zinc. The K6 core material has, for example, a cutoff frequency of 7 MHz. 

[0015] In one particular configuration, the wire winding comprises a high-frequency braided wire 
with a multiplicity of individual wires that are electrically insulated from one another. A braided 
wire is a wire which is wound or braided from many metal filaments (individual wires). In the 
case of a high-frequency braided wire, the individual wires are insulated from one another in 
order to reduce losses caused by the skin effect and eddy currents. As a result, a lower high- 
frequency loss resistance is achieved in comparison with a braided wire with individual wires of 
the same cross section that are not insulated from one another. In particular, the individual 
wires have at least an individual wire diameter that is selected from the range from 10 jim to 50 
|im, inclusive. In particular, the multiplicity is selected from the range from 5 to 100, inclusive. 
Preferably, the multiplicity is selected from the range from 10 to 30, inclusive. For example, 10 
or more individual wires are arranged to form a high-frequency braided wire. This allows wire 
windings with a relatively great surface area, and consequently with a relatively low high- 
frequency loss resistance, to be provided. 

[0016] In particular, the inductive component is a choke coil or a transformer. A choke coil is 
permeable to DC current. On the other hand, AC current is restricted by the choke coil. The 
choke coil has a high electrical reactance for a current of high frequency. The transformer 
comprises at least two wire windings. However, more than two wire windings may also be 
arranged to form the transformer. As an alternative to this, the transformer comprises a wire 
winding which is subdivided into two parts by an electrical tap. 

[0017] In order to increase further the high quality that can already be achieved by the structural 
measure described, the inductive component is also cooled. For this purpose, according to one 
particular configuration there is at least one cooling device for cooling the wire winding, which 
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device comprises at least one composite material with at least one polymer material and at least 
one thermally conductive filler. 

[0018] With the aid of the cooling device, the heat produced in the wire winding during the 
operation of the inductive component can be efficiently dissipated. The efficient dissipation of 
the heat brings about a relatively small temperature increase of the wire winding. The small 
temperature increase leads to a relatively small increase in the electrical resistance in the wire 
winding. This results in an increased quality of the inductive component in comparison with an 
uncooled wire winding. 

[0019] The composite material preferably comprises an electrically insulating or electrically 
poorly conducting polymer material with a thermally conductive and electrically poorly 
conducting filler. The polymer material may comprise a natural and/or synthetic polymer. The 
natural polymer is, for example, unvulcanized rubber. The synthetic polymer is a plastic. 

[0020] The polymer material acts here as a base material of the composite material by forming 
a matrix in which the filler is embedded. In this case, there may be a plurality of fillers. The filler 
or the fillers may be in the form of powder or fibers. A diameter of a filler particle is selected 
from the ^m range, which ranges from 100 nm to 100 jam. A degree of filling of the filler in the 
polymer material is in this case preferably chosen such that a coagulation limit is exceeded. 
Below the coagulation limit, the probability of individual filler particles touching one another is 
very low. This leads to a relatively low specific thermal conductivity coefficient. If the 
coagulation limit is exceeded, there is a relatively great probability of the filler particles touching 
one another. This produces a relatively high specific thermal conductivity coefficient of the 
composite material. 

[0021] The filler is thermally conductive and preferably also electrically insulating or electrically 
poorly conducting. This has the effect that the inductive component can also be operated with a 
relatively high operating voltage. For example, the operating voltage is up to 2000 V. The 
composite material also has a high dielectric strength under an operating voltage of this order of 
magnitude. Suitable in particular as a thermally conductive and at the same time electrically 
insulating or electrically poorly conducting filler is a ceramic material. A ceramic material with 
the properties is, for example, aluminum oxide (Al 2 0 3 ). 
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[0022] For efficient removal of heat produced in the wire winding during the operation of the 
inductive component, the composite material of the cooling device is preferably directly 
connected to the wire winding. Heat transfer away from the wire winding takes place by heat 
conduction. 

[0023] In one particular configuration, the cooling device comprises at least one film with the 
composite material which is in direct, thermally conductive contact with the wire winding. The 
film and the wire winding are bonded in such a way that thermal conduction can take place from 
the wire winding to the film. The film and the wire winding are touching each other. A film 
thickness of the film is, for example, 0.22 mm. Dependent on the composite material (type of 
polymer material, type and degree of filling of the filler, etc.), a specific thermal conductivity 
coefficient X of from 0.15 K/Wm to as much as 6.5 K/Wm can in this case be achieved. In spite 
of the relatively small film thickness, the dielectric strength may in this case be 1 kV to 6 kV. 

[0024] In order to ensure efficient heat dissipation by the cooling device, a flexible film in 
particular is used with the composite material. The film is plastically and/or elastically 
deformable. The wire winding can be embedded in the film with something approaching a form 
fit. A thermal contact area between the film and the wire winding over which the heat 
conduction takes place is in this case particularly large. 

[0025] In one particular configuration, the cooling device has at least one casting compound, 
which comprises at least one further composite material with at least one further polymer 
material and at least one further thermally conductive filler and which is in direct, thermally 
conductive contact with the wire winding and/or the film. The composite material and the further 
composite material may be the same or different The same applies to individual components of 
the composite material and of the further composite material. The wire winding and/or the film 
are partly or completely embedded in the casting compound with the further composite material. 
Since the further composite material is thermally conductive and a virtually complete form fit 
between the casting compound and the wire winding or film is brought about by the embedding, 
the heat from the wire winding and the film can be dissipated very efficiently via the casting 
compound. The use of the casting compound additionally produces a homogeneous 
temperature distribution within the inductive component. The wire winding of the component is 
homogeneously cooled. This likewise contributes to an increased quality of the inductive 
component. 
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[0026] Both in the case of the film and in the case of the casting compound, it is possible for 
intermediate spaces (voids) to be present between the casting compound, the film and the wire 
winding, which spaces are filled with air and therefore contribute to a thermal insulation of the 
casting compound, the film and the wire winding from one another. Efficient dissipation of heat 
is not possible on account of the intermediate spaces. In one particular configuration, an 
intermediate space that is present between the film and the wire winding and/or between the 
casting compound and the wire winding therefore comprises a thermally conductive material for 
thermally bridging the intermediate space. The intermediate space is preferably completely 
filled with the thermally conductive material. This leads to improved heat dissipation away from 
the wire winding. A thermally conductive material, which is additionally electrically insulating, is 
preferably used for this purpose. The thermally conductive material is therefore selected in 
particular from the group comprising oil, paste, wax and/or adhesive. With these thermally 
conductive and at the same time electrically insulating materials it is ensured that, even when 
high operating voltages are used, there is a requisite dielectric strength. 

[0027] The cooling device of the inductive component is configured in such a way that the heat 
produced in the wire winding during the operation of the inductive component can be efficiently 
removed to the outside. For this purpose, further transfer of the heat away from the composite 
material of the cooling device is provided. The further transfer of the heat takes place, for 
example, by convection. For this purpose, a fluid which can absorb the heat is conducted past 
the cooling device with the composite material. The fluid is, for example, a liquid or a gas or gas 
mixture. 

[0028] The further transfer of the heat preferably takes place by heat conduction. In one 
particular configuration, in the case of the inductive component the film with the composite 
material and/or the casting compound with the composite material is therefore connected in a 
thermally conducting manner by heat conduction to a heat sink. With the aid of the heat sink, it 
is ensured that there is the smallest possible temperature difference between the wire winding, 
the cooling device and the heat sink during the operation of the inductive component. For this 
purpose, the heat sink is preferably configured in such a way that it can absorb a large amount 
of heat. The heat capacity of the heat sink is great. It is also conceivable that the heat sink 
provides efficient removal of the heat. The heat sink is, for example, a cooling body made of a 
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material which is distinguished by a high thermal conductivity. To maintain the heat gradient, the 
cooling body may be cooled by convection. 

[0029] According to a second aspect, the inductive component is used in an electronic ballast, 
in the case of which an electrical input power is converted into an electrical output power. The 
input power and the output power are normally different. In particular, the component is in this 
case operated with an AC voltage at a frequency from the range from 100 kHz to 200 MHz, 
inclusive. This frequency range is referred to as the high-frequency range. 

[0030] In one particular configuration, an AC voltage of up to 2000 volts is used. It has been 
found that, with the aid of the gaps, a high quality can be achieved even in the case of several 
hundred volts with a frequency of several MHz. This has the effect that the inductive component 
can be miniaturized and a high power throughput can nevertheless be achieved along with a 
high quality and low internal losses. The inductive component can consequently be referred to 
as a miniaturized HF-HV (high-frequency high-voltage) component. 

[0031] The inductive component may also be used in an ignition transformer for igniting a 
discharge lamp. For igniting the discharge lamp, the discharge lamp is activated by an electrical 
circuit with a high AC voltage (initial voltage). In a further configuration, a voltage pulse with an 
AC voltage of up to 40 kV is therefore used. The component is briefly activated with this high 
AC voltage within a few urn (ignition period). 

[0032] These and other objects and advantages of the present invention will become more 
apparent and more readily appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying drawings of which: 

Figure 1 shows an inductive component from the side. 

Figure 2 shows a quality/voltage diagram of the inductive component. 

Figures 3a and 3b show an RM form of construction of the core of the inductive 
component from above and in cross section along the connecting line l-l. 

Figures 4 to 6 show the inductive component from Figure 1 with a cooling device in each 
case, in a lateral cross section. 

Figure 7 shows a detail of the inductive component with the cooling device in a lateral 
cross section. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0033] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[0034] The inductive component 1 is an HF-HV (high-frequency high-voltage) transformer 
(Figure 1). The component 1 comprises a wire winding 3 and a core 4. The wire winding is 
distinguished by a winding axis 12, along which the wire of the wire winding 3 is wound. The 
wire winding 3 is a high-frequency braided wire 14 with 30 individual wires. The wire diameter 
of an individual wire is approximately 30 jim. The core 4 is a ferrite core and comprises an M33 
core material. The core comprises an RM6 core shape (Figures 3a and 3b). The core is a 
combination of an E core shape and a cup-type core shape with a central bore 1 5. The core 4 
has a gap 7 in its center, which is arranged around the central bore 15 in the inner region 10 of 
the wire winding 3. Two further gaps 8 are arranged in the outer region 11 of the wire winding 3, 
in each case in one of the core limbs 6 of the core 4. All three gaps 7 and 8 are air gaps. At 
approximately 3 mm in each case, the gap widths of the gaps 7 and 8 are essentially equal. 

[0035] The core is essentially symmetrical. It comprises two parts 5, which are arranged mirror- 
symmetrically in relation to the plane of reflection 13 and are arranged opposed to each other 
across the gaps 7 and 8 and separated from each other by the gap widths 9. The plane of 
reflection 13 is locacted in the three gaps 7 and 8. However, the arrangement has the effect 
that not only the core 4 but also the wire winding 3 are arranged in an essentially symmetrical 
manner. This results in an inductive component which is essentially symmetrical in relation to 
the plane of reflection 13. 

[0036] The quality/voltage diagram shown in Figure 2 was measured with a primary inductance 
of the HF-HV transformer 1 of 24 jaH and a frequency of 2.7 MHz with the aid of the circular 
resonance method. It can clearly be seen that a relatively good quality of the component can be 
achieved even with an effective AC voltage (Ul^s]) of several hundred volts. The high quality 
can be achieved in spite of the high frequency with a small overall size, as obtained in the case 
of an RM6 core shape. 

[0037] The wire winding 3 of the miniaturized HF-HV transformer is cooled according to further 
embodiments. For this purpose, a cooling device 20 is present for cooling the wire winding 3. 
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[0038] According to a first embodiment, the cooling device 20 comprises a film 21 with a 
thermally conducting composite material. The base material of the composite material is a 
thermally and electrically poorly conducting polymer material. Embedded in the polymer 
material is a filler with a high thermal and low electrical conductivity. The film 21 has a film 
thickness of approximately 0.22 mm. The specific thermal conductivity coefficient X is 
approximately 4 K/Wm. The dielectric strength is up to 6 kV. 

[0039] The high-frequency braided wire 14 of the wire winding 3 and the film 21 are wound 
around a coil former 30 adapted to the RM6 core shape. In this case, the film 21 and the wire 
winding 3 are arranged around the coil former 30 in such a way that the high-frequency braided 
wire 14 of the wire winding 3 and the films 21 alternate in the radial direction, starting from the 
coil former 30 (Figures 4 and 5). The film 21 used serves as an intermediate insulating layer of 
the high-frequency braided wire 14 of the wire winding 3. This results in an efficient heat 
conducting path 24 away from the wire winding 3 in the radial direction. Heat which is produced 
in the high-frequency braided wire 14 during the operation of the inductive component 1 is 
efficiently dissipated along the heat conducting path 24. 

[0040] According to an alternative embodiment, the high-frequency braided wire 14 of the wire 
winding 3 and a plurality of films 21 are themselves respectively aligned radially in relation to the 
coil former 30. This creates a multi-chamber solution, which is also referred to as a disk 
winding. Here, too, efficient dissipation of the heat over the heat conducting path 24 is provided. 

[0041] For the further dissipation of the heat, the inductive component 1 or the cooling device 
20 of the inductive component 1 is embedded in a casting compound 22 with a further thermally 
conductive composite material (Figures 4 and 6). The casting compound 22 is in direct 
thermally conducting contact with part of the wire winding 3. This means that the heat can be 
dissipated by heat conduction over a thermal contact area between the high-frequency braided 
wire 14 of the wire winding 3 and the film 21 or the films 21 . For efficient dissipation of the heat, 
the casting compound 22 is connected in a thermally conducting manner to the heat sink 25 by 
heat conduction. The heat sink 25 is a printed circuit board with a thermally highly conductive 
material. This results in a relatively small temperature difference between the wire winding 3 
and the heat sink 25 during the operation of the inductive component. 

[0042] As an alternative to the casting compound 22, the further dissipation of the heat takes 
place through a dissipating fin 26 with a relatively high heat conductivity coefficient (Figure 2). 
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By the dissipating fin 26, which is connected to the films 21 by a spacing ceramic 28 with a 
relatively high heat conducting coefficient, the heat is passed on from the films 21 or the wire 
winding 3 in the direction of the heat sink 25. 

[0043] Both in the case of the casting compound 22 and in the case of the film 21, intermediate 
spaces 27 may be present, reducing the efficiency with which the wire winding 3 is cooled 
(Figure 7). According to a further embodiment, these intermediate spaces 27 are filled with a 
thermally conductive and electrically insulating or poorly conducting paste. 

[0044] The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention covered by the claims which may 
include the phrase "at least one of A, B and C" or a similar phrase as an alternative expression 
that means one or more of A, B and C may be used, contrary to the holding in Superguide v. 
DIRECTV, 69 USPQ2d 1865 (Fed. Cir. 2004). 



